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5.  Acquisition  with  a  Hoisy  Input  Signal 

For  subsequent  observations  it  is  assuaed  that  the 
frequency-constant  input  signal  is  superiaposed  by  a  stationary, 
white,  Gaussian  narrow-band  noise  process  n  (t) ,  whose  siaple  aean 
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value  n(t)  vanishes  and  whose  unilateral  spectral  output  density  »0 
is  known.  If  one  additionally  assuaes  that  the  operating  node  of  the 
aultiplier  is  independent  of  the  signal- to- noise  ratio  applied  to  it 
then,  because  of  the  division  of  the  Ranlauf  process  into  two  partial 
processes  (described  in  §3) ,  the  noise  can  sake  itself  apparent  in 
this  process  in  only  two  ways,  first  by  assuaing  that  the  error 
voltage  is  not  only  very  generally  a  function  of  the  noise,  but  a 
continuous  coaponent  contained  in  it  specially,  following  its 
calculation  Equation  (16)  could  then  be  solved  nuaerically,  or  after 
its  rearrangenent  m«.)  det ©rained  froa  it.  Second,  there  is  the 
possibility  that  the  continuous  coaponent  is  independent  of  the  noise 
and  therewith  both  are  present  seat  to  each  other  at  the  output  of 
the  aultiplier.  In  addition  one  considers  the  noise  tern  as  being 
connected  into  the  circuit  as  shown  in  fig.  7  only  after  conpleted 
continuous  coaponent  foraation.  Which  of  the  two  partial  processes  is 
priaarily  affected  by  the  noise  cannot  be  deternined  ahead  of  tiae  so 
that  both  possibilities  aust  be  calculated.  Using  the  nethod  of 
calculation  of  §U  we  shall  look  at  the  first  possibility.  It  is 
assuaed  that  the  noise  noticeably  affects  the  size  of  the  continuous 
coaponent,  so  that  a  noise- dependent  continuous  coaponent  is  to  be 
deter sined  below. 

5.1.  The  loise- Dependent  Continuous  Coaponent 


DOC  »  0621 


PAG*  3 


The  equation  for  the  automatic  control  systea  for  the  circuit  of 
the  first  order  thus  reads 


(23) 


3*,-..  *{*♦«)  +  i  .  *)) 


•here  n' (t)  is  a  noise  process  resulting  fron  n(t)  in  a  unique  nanner 
and  whose  static  properties  ere  known  to  the  extent  that  one  knows 
then  fron  n(t).  since  #«)  represents  a  randoa  variable,  the 
continuous  conponent  for nation  can  no  longer  be  undertaken  through 
the  teaporal  uean  value,  but  aust  result,  on  the  basis  of  the 
stationary  nature  of  n*  (t)  and  therewith  of  the  ergodic  theorea, 
through  the  ensenble  nean  value 

(2h)  <ea#>-+/~iiBe.p(e)4# 

—  ee 


For  its  calculation  we  first  of  all  need  the  probability  function 
P(  ,  t)  of  the  phase  error,  since  the  change  of  j»<e,i)  is  dependent 
only  on  the  iastantaneoua  values  of  ♦  <*)  end  a*  (t| ,  because  n*(t)  is 
a  stationary  and  essentially  white  Gaussian  process,  the  process 
described  by  Bq.  (23)  describes  a  Barkov  process.  *e  can  even  speak 
of  a  continuous  Barkov  process  because  the  attainable  course  of  (t) 
in  the  noise-free  case  as  well  as  the  arraageaeat  of  a' (t)  in  Bq. 


k 
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(23)  pernit  the  conclusion  that  the  probability  of  the  state  of  the 
systea  changing  noticeably  in  a  very  short  tine  interval  is  very 
saall . 


1  coaplete  probability-theoretical  description  of  such  a 
aeaoryless  process  is  obtained  by  the  deter ainati on  of  the 
probability  density  function  P t/S9,t0)  which  is  constantly 
conditional  for  it.  Proa  the  haovledge  of  the  state  £0  of  the  process 
at  soae  point  in  tiae  t0  the  probability  is  to  be  found  that  at  a 
later  point  in  tine  t  it  nil  be  in  state  The  selection  of  point  ta 
is  randoa.  One  needs  only  to  know  how  far  t  is  froa  tD.  For  the  sake 
of  siaplicity  the  state  *  $a  can  be  deter ained  froa  the  initial 

conditions.  It  was  shown  in  [3]  that  the  probability  density  function 
of  a  continuous  Harkov  process*  by  asking  certain  assunptions*  can  be 
deternined  froa  a  fundaaeatal  partial  differential  equation.  Here  we 
shall  not  ask  when  this  is  the  case*  but  rather  will  atteapt  to  find 
its  solution*  whereby  the  assunptions  e  conaidered  as  secondary 
conditions  for  the  solution.  Thus  in  the  following  fron 


(25) 


?*<*.*>_  T  <-  1)"  if 


ei 


nit#  M.  (♦)/*(♦•  01 


with  P(£*t)  £  0  for  all  $  and  t  and 


DOC  *  0621 


PAG!  5 


7 i#-i  foe  all  t 
—  •• 

the  density  P(£  t)  is  to  be  determined.  The  An  represent  the  boundary 
values  of  the  n-th  aoaents  of  the  growth  process  A#  in  the  tine  At 
for  At  -b  0.  According  to  [ 4 ]#  for  then  we  write 

....  *»(•)  =  lim  j-.7(J#)"P(Ae,  Aoa(A#)s»il 

(26) 

=  j.Jfiueyn*  w-  i<ne? 

whereby  H  (}  is  the  natheaatical  expectation  of  the  particular 
expression  which  is  in  curly  brackets,  since  the  a„<e>  vanish  for  n  > 
2  for  processes  like  those  given  by  Bg.  (23)  (which  can  easily  be 
checked)  Bq.  (25)  sinplifies  to 


(27) 


dt 


+  j  <♦.*)! 


This  equation  structure  for  density  distribution  is  known  in  the 
literature  as  the  Pokker-Planck  equation.  For  its  solution  At  <•)  and 
lit*)  east  first  be  deter nined.  Proa  Bq.  (23)  according  to  the  rule 
of  lq.  (26)  these  values  are  calculated  as 


(28) 
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and 


+-j*v**-*±*:£l  ',Jr 


iUlil 


*»'  (•)  •' (*))  4«d#  ~ 


In  addition  to  the  standardizing  condition  the  boundary  conditions 
aust  also  be  deterained  for  P  {§.  t) •  Since  for  the  instantaneous 
state  of  the  systen  it  aakes  no  difference  hou  often  it  is  inverted 
at  this  point  in  tine,  it  is  sufficient  to  solve  equation  (27)  in  the 
range  -v  £  §  £  ♦*#  i.e.,  P(  ,  t)  is  periodic  in  2v.  It  can  then  be 
shown  that  if  P  (/,  t)  is  a  solution  of  Eg.  (27)  ,  then  it  is  also 
satisfied  by  P(/^  2nv;  t) .  Since  with  the  deternination  of  P  (£  t) 
fron  Eg.  (27)  one  aakes  a  first-order  circuit,  it  is  sufficient  to 
know  only  the  stationary  solution,  because  not  only  for  Ae0  *  0  but 
also  for  »&  0  the  distribution  density  function  is  independent  of 
tine.  If  then/'  needs  to  change  at  aost  by  the  value  2v  in 

order  to  reach  a  stable  point  *«r  in  the  sense  of 

(30) 


•ith  a  stationary  noise  process  in  the  aiddle  this  process  always 


occurs  in  the  sane  sanner.  If  a  $*,>  a  mu  then  e  can  certainly  ran  over 
■any  2 v;  since  it  doesn't  result  in  acquisition,  however,  all  periods 
arc  of  equal  value,  i.e.  even  in  this  case  the  distribution  of  all  • 
in  -»  £  •£  vs  is  independent  of  tine.  The  difference  between  the 
individual  distribution  functions  will  lie  only  in  their  synnetry  to 
$  *  0  because  for  hes  ^  0  it  oust  be  expected  that  the  probability  of 
stopping  for  all  possible  $  in  the  vicinity  of  the  particular  stable 
points  is  the  greatest  [5J.  Indeed  for  Amt>Ant  there  are  no  aore 


stable  points;  nevertheless  the  obtained  distribution  densities  are 


unique.  For  an  increasing  Ae0  they  increasingly  approach  a  sinusoidal 


Sith 


and  division  by  the  factor  in  front  of  the  Fokker- Planck 

equation  which  is  to  be  solved  is  sinplified  to 
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and 


(33) 


Aat,  1 

:  |  .  -  3  _  ,  .  — 
y 


The  solution  of  Bq.  (31)  can  take  place  in  closed  fore  (then  the 
nuaerically  calculated  distribution  densities  as  a  function  of  £  and 
0  also  show  the  behavior  described  above) ,  however,  the  selection  of 
the  step  width  tarns  oat  to  be  quite  critical  with  the  large  aeounts 
of  the  arganents  of  the  exponential  functions  inserted  in  P{£).  Since 
they  east  be  chosen  very  snail  so  that  high  con pu ter  costs  would 
arise  [sic],  an  attenpt  was  nade  to  construct  an  approxinate  solution 
of  soaewhat  sinpler  structure  for  P($).  Bith  y  -  for  nost  of  the 
observed  cases  a  snaller  paraaeter  is  present  so  that  it  is  possible 
to  solve  Bq.  (31)  with  the  aid  of  a  calculation  of  a  perturbation 
whereby  y  can  serve  as  a  perturbation  paraneter.  Proa  a  one- tine 
integration  and  transforaation  for  Bq.  (31)  one  obtains 

(3h)  ol  +  p(e).y|*,e.p(#)+i.i|^!)|. 


If  one  proceeds  with  the  equation 

*<♦,..?> -I*/ 

in  Bq.  (3k)  then  for  #*<(+.«)  one  obtains  the  reaction  foraula 


and  with  consideration  of  the  first  four  terns,  the  approziaate 
solution 


whereby  C2  is  deterained  froa  the  standardization  condition 


to  be 


(v 


Bith  the  density  distribution  for  the  phase  error  obtained  in 
this  aanner,  according  to  Bg.  (24)  the  noise-dependent  continuous 
coaponent  can  now  be  deterained.  For  this  a  check  is  first  aade  to 
see  whether  this  procedure,  which  uses  the  enseable  aean  value, 
yields  usable  results  in  the  noise-free  case.  If  in  the  initial  fora 
of  Eq.  (31)  one  sets  the  noise  tern  equal  to  zero,  then  after 
integrating  it  and  deteraining  the  constants  one  finds  the 
distribution 


(2(0,  —  aJCoiD*)  •  tit 
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The  standardized  continuous  component  <  sin  £  >  is  calculated  with 
Bq.  (36)  to  be 

(37)  <«ne>n*=  /  cine  P(<t>)d<P  =  i  (1  — 

This  d-c  voltage  curve  airrors  the  behavior  of  as  a 

function  of  Aw0  better  than  the  expression  found  froa  Bq.  (12) 
because  it  does  not  show  the  discontinuity  for  7=1  (see  Fig.  3).  By 
the  way,  both  function  curves  are  identical  at  least  for  Aw,  >tAwL)  . 

Because  of  this  unique  result  in  the  case  of  the  noise-free 
input  signal  the  noise-dependent  continuous  coaponent  is  now 
calculated.  If  one  substitutes  the  distribution  given  by  Bq.  (35)  in 
Bq.  (2h)  with  the  Units  ♦-*,  then  following  deteraination  of  the 
integration  constants  one  finds 

S  >k  »  <  »in  »  >ar  —  If.1  ‘  £ 

2  i* 


<ain#>JV  represents  the  continuous  coaponent  given  by  Bq.  (37)  in 
the  aolse-free  case.  This  result  shows  that  in  the  case  of  a 


i 
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worsening  signal-to- noise  ratio  due  to  the  second  snnnand  there 
resalts  a  certain  redaction  of  the  continuous  conponent  and  therewith 
a  lengthening  of  the  acquisition  tines.  If  one  consider s,  however* 
that  for  e  during  observation  cf  the  output  liait  of  the  autonatic 
control  in  no  case  do  values  of  (  <  1  cone  into  question  and  that 
the  largest  value  of  y  is  given  with  y  *  1/2  on  the  basis  of  the 
approxination  in  §3*  then  the  coeclasioa  aust  be  drawn  that  for  all 
cases  of  practical  interest  <•<■*>*  is  essentially  independent  fron 
the  signal-to-noise  ratio  (see  Vig.  6) . 
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Pig.  6.  Dependence  of  the  standardized  continuous  con pone at  on  the 
signs 1- to- noise  ratio. 


Since  the  dependence  calculated  here  is  far  fron  sufficient  for 
explaining  the  lengthening  of  acguisition  tines  found  in  the 
experinent  in  the  case  of  decreasing  £.  ,  it  oast  be  assuned  that  the 
noise  acts  priaarily  on  the  second  partial  process  which  was 
explained  in  §3.  The  calculation  of  this  influence  will  be  the  task 
of  the  following  section. 

5.2.  The  Noise-Dependent  Acguisition  Equation 

The  fnndanental  concept  of  the  quasi-stationary  approxination  in 
§3  consisted  of  the  division  of  the  operating  principle  of  the  second 
order  autonatic  control  systea  into  two  activities:  continuous 
conponent  foraation  and  the  continuous  shifting  of  the  VCO-aean 
frequency  in  the  direction  of  the  signal  frequency  caused  by  it. 

These  partial  processes  should  also  deternine  the  acquisition  process 
in  the  case  of  a  noisy  input  signal,  whereby  they  are  then  affected 
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by  the  noise.  If  one  further  bolds  on  to  the  nsseaption  that  the 
operating  node  of  the  aultiplier  is  independent  of  the 
signal-to~noise  ratio  then  on  the  basis  of  Iq.  (38)  the  noise  can 
sake  itself  apparent  only  on  the  second  partial  process. 

For  aatheaatical  description  of  the  present  noise  effect  ve 
shall  use  the  equivalent  circuit  diagraa  (Pig.  7)  • 
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Pig.  7.  Fundanental  circait  diagraa  of  the  aodified  second-order 
phase  a  at  oast  ic  coatrol  systen.  UIi  1)  mss  vales  foraatioa. 


One  iaagines  the  core  of  the  noise  as  connected  to  the  circait  only 
after  coapleted  foraaticn  of  the  continaoas  coaponent  so  that  the 
instantaneoas  frequency  deviation  thas  becoaes  a  rand on  variable,  as 
was  the  case  with^(t)  in  £q.  (21).  The  new  and  now,  noise-dependent, 
acquisition  equation  thus  reads 


(39) 


1  3T 


+  1 » (()  —  1 «,  = 


_/  «  •  it  _»'(!)> 
\id»(0  A  ) 


This  process  also  represents  a  continaoas  Harkov  process  to  which 
once  again,  aaking  certain  assuaptions,  a  Pokker-Plaack  equation  can 
be  assigned  and  whose  solution  provides  the  distribution  density 
function  P(h«t,  t)  for  the  possible  frequency  deviations. 

Since  we  are  once  again  dealing  with  a  differential  equation  of 
the  first  order  and  since  the  noise  process  n((t)  is  to  have  the  sane 
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properties  as  before ,  is 


(*0) 


9P<4m,l) 

— rr~ 


once  again  all  Au{Am)  vanish  for  n  >  2.  Its  significance  is  the  save 
as  in  Eg.  (26)  and  its  calculation  yields 

(41) 

and 

(42) 

■ith  these  two  expressions  the  partial  differential  agnation  (40) 
converts  into  the  special  fora 


Before  the  Pokker-Plaack  agnation  can  be  solved  soee  reaarks  east  be 
sede  on  the  beginning** ,  boundary  and  standardising  conditions. 

The  beginning  conditions  are  initially  of  interest  because  sine 
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we  are  talking  about  the  distribution  of  frequency  error  we  need  the 
tine- dependent  solution  of  Eg.  (43) .  For  the  sake  of  siaplicity  in 
calculation  ve  shall  not  begin  the  process  froa  a  delta  distribution 
but  rather  froa  a  narrow  Gaussian  distribution,  whereby  the  static 
values  are  taken  froa  the  experiaent.  Its  general  fora  reads 


(44) 


P<3  «,<>). 


with  &e0  as  the  aean  initial  deviation  and  as  the  dispersion  of 
the  he- values  of  each  100  aeasureaents  conducted  at  the  point  in  tine 
t  *  0. 

Soaewhat  aore  difficult  is  the  foraulation  of  the  boundary 
conditions.  On  the  basis  of  the  definition  of  the  lanlauf  duration 
t/f  the  acguisition  is  considered  as  ended  if  the  the  frequency  error 
Halt  Am  =  Aml  is  reached.  That  aeans  that  all  densities  for  the 
states  Am<Am t  Bust  subsequently  be  set  equal  to  aero.  Thus  the 
first  boundary  condition  reads 

(•5)  P(Am$  Ami;t)  =  »  f«r  *11.  » 

As  loag  as  oae  is  at  the  begiaaiag  of  the  acqaisitioa  procedure  the 
deaaad  of  Bq.  (45)  is  not  critical  since  the  distributions  are  still 
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relatively  aarrov  and  their  expected  values  with  respect  to  are 

quite  large,  Bith  increasing  duration,  however,  p  (Am,  t  not  only 
spreads,  but  Am  also  drifts  in  the  direction  of  whereby  the 

discontinuity  conditioned  by  the  cutting  off  of  the  values  of  the 
distribution  density  at  a<*l  beginning  fron  a  certain  point  in  tine 
can  lead  to  considerable  errors  in  the  total  distribution.  So  that 
these  errors  do  not  occur  a  criterion  aust  be  deter ained,  with  which 
one  decides  fron  case  to  case  how  long  a  computational  observation  of 
the  Ranlauf  process  can  continue. 

The  liaitation  of  the  peraissible  Au-interval  to  greater  values 
than  Am  can  take  place  guite  arbitrarily,  ha  a  aaxiaun  could 

be  chosen.  For  saving  calculation  steps  is  aade  variable  here 

and  depending  on  the  initial  deviation  and  the  initial  dispersion  is 
kept  as  snail  as  possible. 

A  unique  foraulation  of  the  standardising  condition  is  not 
possible  on  the  basis  of  these  stateaents.  Bo waver,  in  this  case  that 
is  not  a  problen,  since  Bg.  (hi)  aust  be  solved  nuaerically  so  that 
one  can  do  without  the  standardising  condition. 

Using  the  difference  nethod  the  previous  boundary  value  probloa 
converts  into  an  algebraic  difference  equation  with  respect  to  Pm,n 
of  the  fora 
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*• 


P«+».» 


Here  1  and  h  are  the  step  widths  in  the  t-,  respectively 
A«-direction;  g  is  the  ahhreviation  g  *  n*K*/2. 

Corresponding  to  the  experisent  several  acquisitions  sere 
calculated  in  this  Banner  for  several  signal- to-noise  ratios,  initial 
deviations  and  c-  and  values.  Pig.  8  shows  typical  results,  soae 
frequency  tiae  distributions  are  shown  for  acquisitions  with  an 
initial  deviation  of  A w0  -  98.4*2  rad/s  with  four  different 
signs 1-to-noise  ratios  and  the  circuit  paraaeters  C  ■  0.787  and  » 
10*2v  rad/s.  The  experiaental  results  were  deteraiaed  froa  the 
recording  of  100  error  voltage  distributions  p,(o  in  each  case.  In 
accordance  with  §3  a  frequency  tiae  distribution  was  assigned  to  each 
individual  fluctuation  on  the  aultiplier  output;  then  a  aean 
distribution  was  deteraiaed  froa  all  of  then  (in  each  case,  the  solid 
lines) . 
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Pig.  8.  Experimental  ( - )  mad  theoretical  frequency  time 

distributions  of  a  98. S-Hz  acquisition  (-•-•-•-•)  without  correction 
factor  mad  ( - )  with  correction  factor. 


ofe  -  t>2X  l  rut  ft] 


X  ‘  0,101  l 

<q,  ■»  2xfrat/sJ 


The  carwes  drawn  with  dash-dot  lines  represent  the  theoretical 
results.  The  expected  values  were  extracted  froa  the  calculated 
distribution  functions  and  plotted  as  functions  of  tine.  It  tarns  oat 
that  its  drift  reflects  the  experiaen tally  found  behavior  relatively 
well  down  to  input  signal-to-aoise  ratios  of  SHVt  »  2.  In  addition  we 
recognise  that  in  the  range  •  £  sait  >  2  the  acquisition  delay  caused 
by  noise  is  saall  coapared  to  the  noise- free  case.  It  does  not  exceed 
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15  o/0  in  either  the  experiment  or  in  theory. 

If#  on  the  other  hand#  SAVt  drops  to  values  of  1  and  belov  it 
tarns  oat  that  the  theoretically  found  effect  of  the  noise  on  the 
acquisition  behavior  is  not  sufficient  to  explain  the  experiaental 
results.  The  deviation  between  the  frequency  tine  responses  rapidly 
becones  larger  as  SBTt  becoaes  snaller. 

These  results  which  initially  are  only  valid  for  the  represented 
98.4-Hz  acquisitions  with  the  given  paraaeters  can  be  generalised 
even  aore.  Both  experimentally  and  theoretically  determined  transient 
responses  for  other  initial  deviations  fron  the  range  2  Aa>L<  Au>,<  a*, 
demonstrated  roughly  the  same  behavior  with  respect  to  the  noise 
effect#  whereby  the  deviation  for  snaller  hu0  is  somewhat  less  than 
for  large  hea. 

It  thus  remains  to  be  explained  what  causes  the  in  part 
considerable  acquisition  tine  delays  in  the  experiment  during 
approach  of  the  signal- to-noise  ratio  to  the  value  1.  If  one  wants  to 
hold  on  to  an  ideal#  i.e.#  noise-independent#  operating  mode  of  the 
individual  conponents  of  the  autoaatic  control  systea  then  the 
described  theory  can  no  longer  word.  Dae  to  the  quasi-atationary 
approxiaatioa  method  the  acquisition  process  was  split  into  two 
partial  processes  and  in  §5.1  and  §5.2  it  was  assnaed  that  the  noise 


DOC  a  0621 


PAGI  21 


only  affected  one  of  the  partial  processes  in  each  case,  other 
possibilities  for  effect  do  not  exist  under  these  conditions  so  that 
the  larger  delays  with  saall  SBVt  cannot  initially  be  explained. 

5.3  The  Corrected  Moise-Dependent  Acquisition  Equation 

In  the  experieent  a  ring  aodulator  served  as  a  eultiplier  of  the 
phase  autoaatic  control  syntax.  Proa  [6],  however,  it  was  shown  that 
the  operating  node  of  a  ring  aodulator  becoaes  a  function  of  noise 
when  the  SBTt  affecting  it  approach  values  of  1  and  less.  Given  a 
bending  characteristic  for  the  diodes  (aaouat  rectification)  and  with 
the  assuaption  that  the  eaployed  noise  process  is  Gaassian  the 
efficiency  of  such  a  circuit  was  calculated  as  a  function  of  the 
signal-to-noise  ratio  and  the  alternating  voltage  aaplitedes  B  and  B. 
Since  the  neasuring  installation  eaployed  a  seaiconductor  ring 
aodulator  with  syaaetry  resistances  and  since  the  current  through  the 
diodes  in  general  is  deteraiaed  not  by  its  internal  resistance  but  by 
that  of  the  source  [6].  the  results  can  be  carried  over  to  the 
acgaisition  observations.  Accordingly,  at  the  naltiplication  output 
as  an  error  voltage  ?#(<)  there  results 

(67)  ffrtt-4-/ hfo  •*#<»> 

*  ...  V 


where  the  higher  order  terns  in  sia£(t)  were  disregarded.  The 
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connection  between  ftt  and  z  is  given  in  the  af orenentioned  work. 

■•re  ve  shall  only  go  into  the  results  of  the  calculations  which  were 
P*rforned  there.  For  the  value  interval  0  £  z  £  2  the  function 
response  results  which  is  shown  in  Fig.  9. 
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According  to 


(48) 


iW+ JH 


the  value  x  with  t  as  effective  value  of  the  noise  voltage  is  not 
only  a  function  of  the  signal-to-noise  ratio  but  also  depends  on  the 
size  ratio  of  the  signal  voltages  A  and  B  arriving  at  the  n«'tiplier. 
With  a  given  VCO-voltage,  the  saaller  the  signal-to-noise  ratio,  the 
sualler  vill  be  value  fu(z)  according  to  Pig.  9.  For  the  continuous 
coaponent  Vr  of  the  error  voltage  according  to 

(4  9)  —  •  fu  (■)  -hi* 


this  eeans  that  doe  to  the  noise-dependent  operating  node  of  the 
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aultiplier  there  is  a  considerable  redaction  of  the  acquisition  speed 
ia  cob pari son  to  the  results  of  the  previous  section  (dot-dash  curves 
in  Pig.  8) . 

For  quantitative  foraulation  of  this  result  the  correction 
factor  f 1 1  (a)  was  built  into  the  partial  differential  equation  (43) 
whereby  instead  of  K(  the  value  Kt*ftt(z)f  which  is  dependent  on  SBVt 
appears  as  the  anplitude  factor  of  the  d-c  coaponent.  Corresponding 
to  the  ezperiaental  conditions  and  voltage  relationships  the  cases 
fron  5.2  were  recalculated.  The  thus  obtained  f requency-tiae 
responses  are  shown  by  the  aiddle  curves  in  Fig.  8  (dotted  lines) .  It 
is  evident  that  the  agreeaent  between  the  theoretical  and 
experiaental  acquisition  tines  is  considerably  better  than  was  the 
case  when  the  values  were  calculated  without  the  correction  factor. 
The  aaxinun  deviations  which  occur  are  now  saaller  than  20  °/0  in  all 
of  the  exaained  cases.  If  one  notes  that  even  in  the  noise-free  case 
there  is  a  certain  discrepancy  between  the  two  frequency-tine 
responses,  it  turns  out  that  the  theoretically  foraulated  effect  of 
the  SR? *  on  the  acquisition  process  describes  the  experinentally 
found  behavior  even  with  deviations  of  a  aaxinun  of  only  about  15 
Vs*  Therewith  the  cause  of  the  behavior  of  the  experiaental  lag 
process  with  snail  SRTt  see ns  to  becoae  explainable.  The  practician 
who  wishes  to  design  an  autoaatic  control  systen  based  on  acquisition 
tines  thus  acquires  the  possibility  of  evaluating  the  expected 
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acquisition  tines  not  only  for  signal-to-noise  ratios  down  to  values 
of  of  SBV |  2  but  also  for  such  saaller  values. 

6.  Conclusions 

The  results  of  the  preceding  observations  show  that  the 
quasi-stationary  approximation  aethod  used  here  seeas  suitable  for 
describing  distant  acquisition  (acquisition  froa  outside  of  the 
pull-in  range)  of  a  second-order  phase  autoaatic  control  systen  both 
in  the  case  of  noisy-  and  in  the  case  of  noise-free  input  signals.  In 
the  noise-free  case  we  find  the  saae  results  as  are  faailiar  in  the 
literature.  As  long  as  the  input  signal-to-noise  ratio  does  not 
becone  saaller  than  10  the  noise  see as  to  have  little  effect  on  the 
synchronization  process.  This  is  also  confiraed  experiaen tally.  A 
delay  for  the  acquisition  tines  by  about  20  °/o  coapared  to  the 
noise-free  case  resulted  first  for  an  SBTt  value  of  about  2.  Op  to 
this  range  of  values  the  acquisition  equation  with  the  correcting 
tern  according  to  Bq.  (43)  for  practical  purposes  seens  to  describe 
the  experiaental  Banlauf  process  well  enough. 

Unfortunately  the  relatively  snail  effect  of  the  noise  on 
acquisition  at  even  saaller  signal-to-noise  ratios  could  not  be 
confined  experiaentally  since  in  this  range  a  problea  developed  with 
efficiency  deterioration  of  the  ring  aodulator  which  did  not  aeet  the 
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prerequisites  for  correction-free  calculation.  The  consideration  of 
this  effect  in  §5.3  coaid  explain  the  large  delays  which  appeared  in 
the  experinent  only  within  a  20  •/#  error  linit. 

Severtheless  the  results  of  calculations  without  a  correcting 
tern  seen  plausible  even  if  they  couldn't  be  confiraed  with  the 
aultiplier  parameters  eaployed  here.  If  on  the  aultiplier  (ring 
nodulator) ,  however,  one  selects  a  V/A  ratio  so  large  that  in  spite 
of  the  snail  SRT t  values  the  value  ft|(*)«1,  then  its  experiaental 
confiraation  in  this  range  of  signal- to- noise  ratios  should  be 
possible. 

The  results  obtained  in  £5.2  and  §5.3  with  respect  to  the  effect 
of  the  noise  on  the  acquisition  process  are  not  linited  to  just  the 
transient  effect  in  the  aiddle  of  the  pull-in  range.  The  treataent  of 
acquisitions  froa  other  initial  deviations  froa  the  range 
A»t<  Am,  showed  roughly  the  sane  noise  effect.  An  exception  are 
the  remits  which  were  obtained  for  the  initial  deviatons  in  the 
vicinity  of  the  pull-in  frequency.  On  the  basis  of  the  approxiaation 
aade  in  §h.3  (D  »1)  soaewhat  greater  differences  arise  here  between 
the  theoretical  and  experiaental  results. 
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